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PEKOMEHJIALIMHA 110 MOAEPHU3ALIUN MHOTIOKAMEPHOM
TPYBYATOMU IIEYH C HEJIBIO JIMKBUJIALIUN
30H IEPEI'PEBA 1 KOKCOOBPA3OBAHUA
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PaccmoTpeHa 3a/jaua MOACPHHU3ALHN MHOTOKAMEPHOI TPyO4YaToil eur yCTaHOBKU MMAPOOYUCTKH HPSIMOTOH-
HOTro OCH3MHA C LEJIbI0 CHUKEHUs BEPOATHOCTH Iporapa TpyO 3MEEBHKOB H3-3a MEperpeBa U KOKCOOOpa30BaHUSL.
IIpenBapuTenbHBI TOUCK HaHOOIEe BEPOSITHEIX 30H IeperpeBa ObLUI OCYIIECTBIICH paHee IyTeM IPOBEACHUS YHC-
JICHHOT'O HKCIIEPHUMEHTA C UCTIOIb30BaHUEM IPOrpaMMHOT0 KoMiuiekca Flow Vision. st CHIKEHUsI KOKCOOOpas30-
BAaHMS M, COOTBETCTBEHHO, MOBBIIICHUS HAJIGXKHOCTU PabOThI E4YH HEOOXOUMO 00ECIICYUTh PABHOMEPHOCTB TTOJIeH
TeMIIeparyp, CKOPOCTe! M HHTEHCHBHOCTEH IepeMENINBAaHUS B MEXXTPYOHOM IIPOCTPAHCTBE PaIUAlIOHHBIX KaMep
neunt. C IeIbI0 yCTPAHCHHS 3aCTOMHBIX 30H PEKOMEH/YETCSl H3MCHHUTH KOH(HUIYPALHIO Ta30BOT0 KaHAIa PagHaHT-
HBIX KaMep, CO3/IaB B 30HE 'OPEJIOK y4acTOK PaCIIMPEHUs Ia30X0/1a, a B 30HE BBIXOJ[a — y4acTok cyxkenus. [Togo6-
HYIO KOH(HTYPAIHIO MOKHO 00€CIICUNTD, HAIIPHMED, 3aJI0)KUB OTHEYIIOPHBIM KHPITUYOM YITIbI PaJHAaHTHBIX KaMep.
Kpaiinue (Hanbosnee ynaneHHbIE OT TOPEIOK) 3—4 BUTKAa 3MEEBUKOB IPU 3TOM HEOOXOIMUMO BBIIIOJIHUTE 00JIee KOM-
IAKTHBIMH, PACIOJI0KHIB BEPTHKAJIbHBIC BETBU TPYO Oimke Apyr k apyry. Kpome Toro, [uis BBIpaBHUBaHUS T0JICH
CKOPOCTEH B KaMepe PeKOMEHIYeTCs YCTAHOBHTH OTOOHHYIO IIePEropoJKy HAIPOTHB roperaok. MecTo yCTaHOBKH
OTOOWMHOM MEeperopoKu — B KOHIIE Y4acTKa pacumpeHus, ee aauHa — 0,3-0,4 oT mmpuHbl Kamepsl. Pe3ynbrars
YUCJIEHHOI0 MOJIEJIMPOBAHHUS PaJMaHTHON KaMephl ¢ H3MEHEHHOH reoMeTpueil ra30Boro KaHajua MoKas3ajl cylie-
CTBCHHOE BBIpPaBHHBAHUE II0JEIl CKOPOCTEH H TeMmIeparyp 1o o0beMy, 3HAaUHTEIbHOE CHIDKEHHE MAaKCHMAaIbHBIX
3HAYCHMIT TEMIIEpaTyphl Ha KPAaiHNX 3MECBUKAX, YTO CYIICCTBCHHO CHIDKACT BEPOSITHOCTH OTKA3a MEYH M3-3a MPOo-
rapa Tpy0.

KuroueBbie cjioBa: MHOIOKaMepHasi prﬁ‘laTaH nmevb, neperpes MeraJijia, Koxcooﬁpasonaﬂue, YU CJIeHHbIH
IKCHIEPUMEHT, BbIpABHUBaHUE noJiei CKOpOCTefl U TeMneparyp KOHCTPYKTHBHBIMHU METOAAMH,

MOJePHH3ALHS KOHCTPYKIHU

TO ELIMINATE OVERHEATING AND COKING ZONES
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The problem of modernization of a multi-chamber tube furnace of a straight-run gasoline hydrotreating unit
is considered in order to reduce the probability of burnout of coil pipes due to overheating and coke formation.
A preliminary search for the most likely overheating zones was carried out earlier by conducting a numerical
experiment using the Flow Vision software package. To reduce coke formation and, consequently, increase the
reliability of the furnace, it is necessary to ensure uniformity of the temperature fields, speeds and mixing intensities
in the inter-tube space of the furnace’s radiation chambers. To eliminate stagnant zones it is recommended to change
the configuration of the radiant cameras gas channel, creating in the zone of burners the extension portion of the duct,
and in the area of the constriction. Such a configuration can be provided, for example, by laying a fire brick on the
corners of the radiant chambers. The extreme (most distant from the burners) 3-4 items of coils should be made more
compact, placing the vertical branches of the pipes closer to each other. In addition, to align the velocity fields in
the chamber, it is recommended to install a breakout partition in front of the burners. The place of installation of the
breakout partition is at the end of the extension section, its length is 0.3-0.4 of the width of the chamber. The results
of numerical simulation of a radiant chamber with a modified gas channel geometry showed a significant alignment
of the velocity and temperature fields by volume, a significant decrease in the maximum temperature values at the
extreme coils, which significantly reduces the probability of furnace failure due to pipe burnout.

RECOMMENDATIONS FOR UPGRADING A MULTI-CHAMBER TUBE FURNACE

Keywords: multi-chamber tube furnace, metal overheating, coke formation, numerical experiment, alignment of
velocity and temperature fields by structural methods, design modernization

Ha Artbipayckom HedTenepepabarbiBato-
LIeM 3aBOZIC NPHU pelleHHH NpoOieMbl YBeIu-
YEeHUS MEXPEMOHTHOTO Ipodera yCTaHOBKH
TUAPOOYUCTKU MPSMOTOHHOTO OeH3mHa [1, 2]
BO3HHUKJIA 3aJada MOJEPHU3ALUU MHOT030-
HaAJBbHOM KOpOOYaToil Iedu, KOTopasi CIy>KUT
JUId HarpeBaHUs MPOMEXKYTOYHBIX IIPOLYKTOB
JI0 TeMIepaTypbl peakLny.

[Momiexainass PEKOHCTPYKIMM MHOT'OKa-
MepHas KopoOuarasi redb OblIa HOAPOOHO OIH-
caHa Hamu pasee [3, puc. 1]. Paguanuonno-
KOHBEKTHBHASI YaCTh TIEUN COCTOUT M3 KaMephbl
KOHBEKIINH | IIATH KaMep paJnaiiin, B KaKI0H
U3 KOTOPBIX YCTAHOBJICHO IO IIECTh TOILIUB-
HBIX (OopcyHOK. TermooOMeHHast HOBEPXHOCTh
TIeYH MIPEJICTABIISET COOOU CUCTEMY TPyOUaThIX
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3MEEBHKOB, BBIIMOJIHEHHBIX B BUJIC BEPTHKAIIb-
HBIX TI€TEJb, [0 KOTOPHIM JBHXKETCSl HarpeBa-
eMasi )KHJKOCTb. 3MEEBUKH TPyOdaThIX Tedeit
paboTaroT B TSDKENBIX YCIOBHAX IMOCTOSHHOTO
BO3/ICHCTBUS BEICOKHUX TEMIIEpaTyp U BHyTPEH-
HUX AaBieHuid. OCHOBHOH MPUYMHON Mporapa
TPyO SBJISICTCS TIEPErpeB MeTauia B MecTax
KOKCOBBIX OTJIOKEHUH. BpIcOkas Temrieparypa
ITOBEPXHOCTH TPYOOIPOBOJa BBHI3BIBAET TEP-
MHYECKOe PA3JIOKEHHE MPHIETAIOIINX K Hel
CJIOEB JKHUIKOCTH ¢ 00pa3oBaHUEM KOKca, OT-
JIAraloIerocsi Ha BHYTPEHHEH IMOBEPXHOCTH
TpyObl. VHTEHCHMBHOCTH KOKCOOOpPA30BaHUS
3aBUCHT OT TEMIIEPATyPHOTO pexXuMa padoThI
U OT CKOPOCTH JIBWKEHHUS TPOIYKTa IO TPY-
0am [4—6]. Uem BpIlIe TemIieparypa 1 MEHBIIIE
CKOpPOCTh TIOTOKa, TeM HWHTEHCHBHEE KOKCO-
00pa30BaHuUE U BBIIIEC BEPOSTHOCTH MPOTapa.

Panee [3] Obuia pa3paboraHa mareMaruye-
CKasi MOJIeJTb THJIPOIIMHAMUKHU ¥ TEILIONEPEHO-
ca B paccMarprBaeMoH I1euu, KOTOpasi MO3BOJIHU-
Jla paccyYMTaTh IOJISl CKOPOCTEH M TeMreparyp
B PaJMaHTHBIX KaMepax W Kamepe KOHBEKIINH.
B pesynbrare YMCICHHOTO SKCIIEPUMEHTA C HC-
MOJIb30BAaHMEM  MPOrPAMMHOTO  KOMIUIEKCA
Flow Vision [3] ObuI0 yCTaHOBJIEHO, YTO Te-
YEeHHE Ta30B B PA/IMAHTHBIX KaMepax sBISACTCS
KpaiiHe HepaBHOMEPHBIM. B meHTpambHOU 00-
Jmactu oOpasyercsi HeCKOIBKO BHXPEBBIX 30H,
npy 3ToM (hakel1 pacKajIeHHBIX Ta30B ITPOXOIUT
IO IICHTPAJIBHOM YaCTH KaMephl U PACTEKaeTCs
10 TIPOTHUBOIIOJIOKHOM CTEHKE. JTO MPUBOIUT
K BO3HHKHOBEHHIO BO3BPATHOTO TEUEHUS MEXK-
Iy BEepTHKaJbHOW CTEHKOH KaMepbl U TpyOamMu
3MeeBHKa. B pe3ymprare BOMM3M TpPyO, pacmo-
JIOKEHHBIX OJIKE K TropenkaM, (pOpMUPYeTCs
SIPKO BBIPAYKCHHAS 3aCTOWHAs 30HA, IPOCTUPA-
FoIasicst 10 ceperHbl kamepbl. CKOpocTH ra3a
B 3aCTOMHOI 30HE YpEe3BBIYANHO Maybl — Me-
nee 0,05 m/c.

UucineHHpIt 3KcHepuMeEHT [3] Tokaszan,
YTO paclpe/ie/iCHHe TeMIIeparyp B pajHaHT-
HbIX KaMepax TakKkKe OTIMYaeTCs OOJbIIOH
HEPaBHOMEPHOCThIO. Hawmxymiime ycioBust
HaOIONAIOTCS. Ha BEPTHKAIBHBIX YYacTKax
3MEEBHUKOBBIX TpyO. PacueTHple 3HaueHUs
MaKCUMAaJIbHBIX TEeMIIeparyp Hapy>KHBIX CTe-
HOK 3MEEBHKOBBIX TpyO nocruramu 645 °C,
MHUHHUMAJIbHBIE 3HaueHus cocTaBimsui 514 °C.
Pesynbrarhl 4YHCIIEHHOTO SKCIIEPUMEHTA OT-
YEeTIMBO MPOJEMOHCTPUPOBAJIM, YTO B OOma-
CTH paclojoOKeHUs KpailHuX TpyO Temmepary-
pa B KaMepe HaMHOTO IMPEBBIIIAET CPETHIOIO.
Bo3mMorken neperpeB kpailHuUX TpyO, KOTOPBIi
MOJKET BBI3BAaTh MOBBIIICHHOE KOKCOOOpa3oBa-
HUE HAa UX CTEHKaX CO BCEMHU BBHITCKAIOIUMHU
HETaTUBHBIMU TIOCIIEICTBUSIMU — TIPOTAPOM
1 pa3pymieHnueM.

Lens wnccnenoBanusi: BBIpaOOTKA HAYYHO
000CHOBaHHBIX MPEIJIOKECHUHN 110 MOACPHHU3A-
LMW Ta30BOTO TPAKTa MEYH C ICJIbI0 CHUKEHUS

neperpeBa TpyO M YMEHBIICHHUS ONACHOCTH
KokcooOpa3zoBanus. Heobxoaumo ObL1o Ha oc-
HOBaHUU CBEACHHUI O BBISIBICHHBIX paHee [3]
3aCTOMHBIX 30HAX, a TaKXKe 30HaX Ieperpena
TpyO 3MEEBHKOB HAMETUTH IYTH PEKOHCTPYK-
[IUU UCCIIEyEeMO TIeYH C IEJbI0 YBEIHMUEHUS
MEKPEMOHTHOTO Ipobera.

IIpeonosicenus no modepruzayuu 2az08020
MpaKkma neyu ¢ Yeaiblo CHUMCEeHUs
nepezpesa mpyo u ymeHvuleHus ONACHOCU
KOKCOOOPA308aHUS.

J11s1 CHIKeHUs1 KOKCOOOpa30BaHUs U, COOT-
BETCTBEHHO, MOBBIIICHHUS HA/ICKHOCTH PabOThI
neyn HeoOXOMMMO 00eCTIeUNTh PABHOMEPHOCTD
nojei TeMmmeparyp, CKOpOCT€ MW HMHTEHCHUB-
HOCTEH MepeMEelIMBaHusl B  MEXTPyOHOM
NPOCTPAHCTBE PAJAMALMOHHBIX Kamep IIeuu.
C 11e71bI0 YCTPaHEHHUS 3aCTOMHBIX 30H PEKOMEH-
JIyeTcsl NI3MEHHUTh KOH(UTYPAIUIO Ta30BOTO Ka-
HaJla KaMepbl, CO3/1aB B 30HE TOPEJIOK y4acTOK
paclIMpeHns ra30Xxo/a, a B 30HE BBIXOAA — y4a-
cToK cyxenus. [lonoOnyro koHpuUTrypanuio Ka-
HaJjla MO)KHO 00€CIe4nTh, HAIPHUMED, 3aJI0KUB
OTHEYHOPHBIM KHPIHWYOM YIVIBI PaJUaHTHBIX
kamep mox 45° k crenke (puc. 1). Kpaitnue
(manbornee ynaneHHbIE OT ropeiok) 3—4 BUTKa
3MEEBUKOB TPH STOM HEOOXOIUMO BBITOIHHUTH
0osiee KOMIAKTHBIMH, PACTIONIOKUB BEPTHKAIb-
HBIE BETBU TPYO OJIKE APYT K APYTY.

Kpome Toro, /17151 BeIpaBHUBaHUS M1OJIEN CKO-
pocTeil B kamepe peKOMEHIyeTCsl YCTaHOBUTh
HAIPOTUB TOPENIOK OTOOWHYIO TEPeropoKy.
MecTo yCTaHOBKM OTOOMHOW MEPEeropoaKu —
B KOHIIE y4acTKa PAaCLIMPEHUs; IJIMHA Iepero-
ponku — 0,3-0,4 oT mupuHBI KaMepsl (puc. 2).

C wmespio MPOBEPKHU IPEAIaraéMoro perie-
HUSl OBUT TIPOBEJICH YMCIIEHHBIA SKCTIEPUMEHT
C HCIIOJIb30BAaHMEM MaTeMaTH4eCKOH Moenu,
omucaHHOM B craThe [3], HO Cc reomeTpueit
neyd, M3MEHEeHHOW 1o Bapuanty 1 (puc. 1)
U 1o BapuaHTy 2 (puc. 2), To ecTh 0e3 oTpa-
YKaTEIbHON MEepPEeropojiKi U C YCTaHOBJIEHHOU
OTpaXkaTeJIbHOW MePEeropoIKou.

Llenpro YMCIEHHBIX KCIIEPUMEHTOB SIBJIS-
€TCsl OIpe/IeNICHHE:

— MakCHMAaJIbHBIX TEMIIEPATyp Ha HapyX-
HOH CTOpOHE TPYO;

— HEpaBHOMEPHOCTH HarpeBa Hapy)KHBIX
CTEHOK TPyO B paJMaHTHOW KaMepe KopobOda-
TOM Ieyn.

Ha puc. 3 u 5 nokaszansl nosust ckopocrteit
U TeMIleparyp Ajs BapuaHTa 1, Ha puc. 4 u 6 —
JUIsl BapUaHTa 2.

Ananus pe3ynbmamos 4ucieHHo2o
9KCHnepUMeHma no UcCie008aHUIo
npeonasaemvix 8apUaHmos MOOepHU3AyUU
paouaHmuoul kamepbl

Amnanus PE3YIbTATOB YHUCJICHHOTI'O MOACIN-
PpOBaHuA pa[[HaHTHOfI KaMephl C H3MCHECHHOM
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reoMeTpueil ra3zoBoro KaHajga IO JIByM pac-
CMOTPCHHBIM BapHaHTaM II03BOJIMJ CJICNIATh
CJIC/TYIOIIIHE BBHIBOIBI.

YcrpaHeHHe pe3KrX IMepexooB B KaHalle
KaMephl IMyTeM CO3[aHHs yYacTKOB IIJIAaBHOTO
pacIIMpEHHs ¥ CY)KESHUS CYIIECTBEHHO YMEHb-
11aeT HepaBHOMEPHOCTh TazopacIpe/esieHus
[0 CEYECHHUIO Kamephl (puc. 2) — 30HBI BHXpe-

BOI KPYTKH O CPaBHEHHIO C 0a30BbIM BapH-
aHToM [3] CyIIECTBEHHO YMEHBILIEHBI. XOTs
U B OTOM CIllydae TMPHUCYTCTBYIOT 3aCTOHBIE
30HBI C MajJbIMH CKOPOCTSAMH Taza (puc. 3),
WX BIUSHHE Ha paclpenesieHHe TeMIIepaTyp
(puc. 5) 3ameTHo MeHbIlle. Bo3MoxkHO, 3TO
00BsICHsIETCST OOJIbIIe MHTCHCHMBHOCTBIO IIe-
peMelBaHus B ra3oBoi (ase.
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Puc. 2. Mooepnuszuposannas xamepa mpyouamoti neyu, sapuanm 2 (8uo ceepxy)
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Puc. 3. Ilone ckopocmeti 6 2opu3soHmManbHOM ceveHuu Kkamepol (eapuanm Ne 1)

Puc. 4. [lone ckopocmeii 6 2copuzoHmanvbHom ceuerHuu kamepul (sapuanm Ne 2)

Puc. 5. Ilone memnepamyp 6 copuzonmanvuom cevenuu kamepul (6apuanm Ne 1)
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Puc. 6. [lone memnepamyp 6 2opu30HmanbHom ceueHuu kamepul (6apuanm Ne 2)

3HaYeHHS MaKCHUMaJIbHBIX 1 MUHUMAaJIbHBIX TEMIICPATYP HA CTCHKax Tp}I6

T max, °C T min, °C

ba3oBblif BapHaHT KOHCTPYKIMHK nieud [3, puc. 1]

645°C —tpyba Ne 20 | 514°C — tpyOsr Ne 24

Bapuanr Ne 1 (puc. 1)

623°C —tpyba Ne 20 | 522°C — tpyObt Ne 1-3

Bapuant Ne 2 (puc. 2)

615°C —tpyda No 20 | 542°C — tpy6si Ne 1, 17

I[Ipumeuanue. *Hymepanuus Tpyd — OT FOpEIIOK ClieBa HAMPABO.

VYcraHOBKa OTpaXkaTeNIbHON TEPEropoIKu
IIOTIEPEK CEUCHMSI KaMmepbl MO3BOJISIET YIpPaB-
JIATH TEYCHHWEM Ta3a Topa3fo B Oonblieil cre-
rienn (puc. 4). Tak, H3MECHUB HaIlpaBJICHHUE Ta-
30BOH CTpPYH BIOJIb PsiJia 3MEEBUKOBBIX TPYO,
yAAeTCsl CyLIECTBEHHO YBEJIWYHUTH TypOynu-
3alMI0 NOTOKA, YTO NPUBOAMT K YBEJIU4e-
HUIO KO3()(UIMEHTOB TeIUIoNepeHoca. JTo,
C OJHOM CTOPOHBI, YMEHBIIIAET BEPOATHOCTH
OTJIOKEHUI yIJiepojia Ha HapyKHOW MOBEPX-
Hoctu TpyO. C Apyroit cTOpOHBI, MOBBILICHUE
WHTCHCUBHOCTH TEpEMELINBaHUsI B Ta30BOM
(haze crocoOCTBYeT BHIPABHUBAHUIO TIOJISI TEM-
neparyp (puc. 6), 9T0 CHIKaeT BO3MOKHBII
reperpeB TpyO 3MeeBHKa M, COOTBETCTBEHHO,
BEPOSATHOCTH KOKCOBAHMS.

O)KI/II[aeMI)Ie 3HAYCHUsI MaKCHMAJIbHbBIX
1 MUHUMAJIbHBIX TEMIIEPaTyp Ha CTEHKaX TPyO
MIPUBEACHBI B TAOIHILIE.

3akjoueHue

Ilo pe3ynpratam MaTeMaTn4eCcKOro MOAEIH-
POBaHMsI M YMCIIEHHOTO SKCIIEPUMEHTA, BBITIOIN-
HEHHOTO JUI pa3IMYHbIX BAPHAHTOB TE€OMETPUHI
paZMaHTHBIX KaMep, PeKOMEHIyeTCsl MOJepHHU-
3alys [1e4d 110 BapUaHTy 2 C 3a/IeJIKOM YIVIOB
OTHEYTIOPHBIM KHPIHUYOM M YCTaHOBKOM OTpa-
JKaTEJIbHBIX IEPErOPOIOK HAIIPOTUB FOPETIOK.

Paboma evinonnena npu nodoepiicke
eoczadanusi Munucmepcmea Hayku u Guic-
wezo obpazosanus Poccuiickoii ®edepayuu
(785.00.X6019).
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